The selection of strains of tissue with specific nutritional requirements is one convenient approach to the study of tissue physiology. The recent advances in the manipulation of cells from plant tissue cultures (6, 7, 12, 13) has suggested the possibility of isolating strains of plant tissue. Techniques similar to those used for detecting biochemical mutants of microorganisms, such as selective media, single cell isolation and the plating out of cell suspensions, would be required. Reported here is the use of this approach for the isolation and culture of a strain of tissue from the pollen of Ginkgo biloba L. The strain described requires arginine for growth.
Tissues may be obtained from the pollen of Ginkgo on media containing yeast extract or coconut milk (15) . If the pollen is distributed over the surface of the culture medium and allowed to grow, many of the pollen tubes will be abnormal and some of these will form tissues (fig 1) . A few tissues proliferate and may be subcultured; others grow slightly and abort. The tissue masses are made up of small dividing cells surrounded by larger storage cells; the small cells are basically haploid in chromosome number. but many are heteroploid. The cells show no differentiation.
MATERIALS AND METHODS
The pollen used to obtain tissues was stored in sterile desiccators at 70 C. Earlier work (14) showed that both fresh and stored pollen forms the tissues, but the stored pollen forms them more frequently. A Na., S4 Ca(NO.,)., 4H,0 
PLANT PHYSIOLOGY
The 5857 strain of pollen tissue responds to varying concentrations of arginine as is shown in figure  2 . The growth value at 1,000 ppm is more than double that at 100 ppm; concentrations greater than 1,000 ppm decrease growth. On the basal medium without arginine, the growth value of 2.0 is probably the result of the arginine carried over in the inoculum. The tissue dies in the second transfer on media lacking arginine. From these data it is apparent that the basal medium with arginine at 100 ppm serves to maintain the tissue, while the optimum concentration is 1,000 ppm of arginine. The tissue was maintained at the lower level because it was considered more responsive to additions to the medium, either inhibiting or promoting, than it would be at higher levels of arginine.
The growth curves of two strains of tissue, one on arginine (5857) and one on coconut milk (81056) are compared in figure 3. Both strains were placed on two media: the basal medium plus arginine (0.5 mM) and the basal medium plus coconut milk (20 %).
The growth values, taken at weekly intervals. show that strain 5857 on the arginine medium grows more efficiently than either 5857 on coconut milk medium or 81056 on either the arginine or the coconut milk medium.
Canavanine, an antimetabolite of arginine, inhibits the growth of the arginine-requiring strain. A preliminary experiment established the effective levels of canavanine inhibition at 10 to 25 ppm. An experiment based on this information is shown in figure 4. Canavanine at 25 ppm inhibits growth of the tissue when arginine is present in suboptimal amounts (10 ppm). Increasing the amount of arginine reversed this inhibition to a slight extent. In this case, canavanine apparently does not function as a competitive inhibitor; the inhibition is irreversible and arginine does not relieve it in any direct relation to the amount of canavanine present.
Whether the arginine requirement for strain 5857 may be satisfied by compounds related to arginine or by simpler nitrogen sources was tested in the following manner. Ammonia (as ammonium sulfate), nitrate (potassium and calcium nitrate), and urea were sterilized by filtering and then added to the basal medium at several concentrations (0.1, 0.5, and 1.5 mM). The growth on these media was compared to the growth obtained on media containing 0.5 mM arginine. Nitrate was found to be a very poor nitrogen source; urea supported fair growth, but ammonia was the best substitute for arginine. Since these experiments were first transfers from the basal medium plus 0.5 mM arginine on which the tissue was maintained, it was assumed that there was a slight carryover of arginine. Three successive transfers were made on the nitrate, urea and ammonia media in order to remove the residual arginine effect. It was confirmed that nitrate was unavailable; urea was utilized on the first, but not on successive transfers. Am The growth of strain 5857 on basal medium plus compounds related to the urea-ornithine cycle was compared to the growth obtained on the control arginine medium. All the compounds were tested at 0.5 mM concentration, both in the presence and in the absence of ammonia nitrogen; the results are shown in figure 5 . Without ammonia present, arginine is the best nitrogen source and ammonia, lysine, ornithine and urea, in that order, partly replace arginine. Proline, citrulline, aspartic acid and glutamic acid were poor nitrogen sources, while glycine was no better than the basal medium. Growth of the tissue on these same media supplemented with 0.5 mM ammonium sulfate shows that ammonia increases growth to about the level obtained on basal medium plus 0.5 mM arginine, indicating that ammonia is a good source of nitrogen but higher levels of ammonia inhibit the tissue. Even more striking is the growth response obtained on media with proline and ammonia (growth value 18.2) as compared to the control of arginine and ammonia (17.9). Thus, while ammonia alone becomes toxic at higher levels, it promotes growth of the tissue on media with arginine or proline.
The effect of proline on the growth of the arginine strain of tissue was tested by incorporating proline or hydroxyproline into the basal medium with arginine present or absent. The data in figure 6 show that proline can be utilized by the tissue in the absence of arginine while hydroxyproline consistently inhibited growth. The inhibition of growth by hydroxyproline was directly related to its concentration, but the inhibition was slight at 6 ppm. The growth values were taken after four weeks. 
TULECKE-ARGININE-REQUIRING STRAINS OF GINKGO TISSUE DISCUSSION
There are several interesting speculations regarding the causes of tissue formation from the pollen. Among the factors which might contribute to abnormal growth are the method of pollen storage, the growth of immature pollen grains and the effect of constituents of the culture media. An equally probable and more basic possibility is the abnormal genetic constitution of some pollen grains. As direct products of meiosis and as gamete-forming tissue, the pollen is expected to vary in its genetic composition. The basis for this variability lies in the chromosomal recombinations which may occur during meiosis. (11) in their work on carrot root explants and derived cells. They found that C14 proline was incorporated into metabolically inactive cellular protein and that part of this proline was transformed into hydroxyproline. They also called attention to the fact that hydroxyproline inhibited growth induction by coconut milk; this inhibition was reversed by proline. From this and other data they inferred a correlation between rapid growth and the proline-hydroxyproline metabolism of certain tissues.
Proline stimulates the growth of the arginine strain of pollen tissue, alone, with arginine, and in the presence of ammonia; in the latter case to an extent not equalled by other compounds related to the ornithine cycle. In addition, hydroxyproline inhibits tissue growth in the presence of arginine. These results indicate a significant role for proline in the metabolism of this tissue, possibly related to arginine and protein synthesis. The findings of Kasting and Delwiche (4) point in a similar direction. They found that when watermelon seedlings were infiltrated with C14 arginine, proline was highly labelled compared to glutamic acid. They suggested a close metabolic relationship between proline and citrulline.
SUMMARY
Strains of tissue may be isolated from Ginkgo pollen grown on a synthetic medium containing arginine. These strains are regarded as biochemical mutants which have been selected from large populations of cultured pollen. In the nutrition of these tissues, arginine is the best nitrogen source, but may be partly replaced by ammonia, lysine, ornithine or urea, iin that order; nitrate and glycine are not utilized. Anmong compounds related to the ornithine cycle, proline promotes growth and hydroxyproline is inhibitory. Canavanine inhibition of the tissue is only slightly reversed by addledl arginine. 
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